Recent work has revealed striking similarities in the genetic mechanisms underpinning somitogenesis in zebrafish and segmentation in the spider. Could this mean that the bilaterian common ancestor was segmented after all?
homologue of the Drosophila segmentation gene hairy [8] . This is striking, given that representatives of these same two gene families, deltaC and her-1/her-7, are also expressed dynamically in the posterior presomitic mesoderm during zebrafish somitogenesis [9, 10] .
In zebrafish a wave of deltaC and her-1/her-7 expression advances from posterior to anterior across the presomitic mesoderm in tandem with the formation of each somite, a phenomenon which has been attributed to the cycling on and off of these genes within individual cells, rather than cell migration [7, 9, 10] . When cyclic deltaC or her-1/her-7 expression is disrupted, the somitic boundaries fail to form correctly. Dynamic expression of deltaC has been shown to be dependent on her-1/her-7 and vice versa [9, 10] . Cyclic expression is thought to be controlled by a 'segmentation clock' or 'oscillator' [7] . Recently it has been postulated that deltaC and her-1/her-7 are components of the oscillator itself [ In long-germ insects such as Drosophila, a cascade of transcription factors acting in a cell-membrane-free environment -a syncytium -subdivides the blastoderm in such a way that all segments develop simultaneously [13] . Notch signalling is not known to be involved in this process. But segmentation in short-germ insects, such as the grasshopper Schistocerca, resembles that of C. salei, with posterior segments appearing in much the same way as those of the chelicerate opisthosoma [14] .
One modulator of Notch signaling, Fringe, has been examined in basal insects, such as the grasshopper. In mouse [15] and chick [16] embryos, lunatic fringe is expressed in a dynamic fashion in the posterior presomitic mesoderm, and is necessary for normal somitogenesis. This led Dearden et al. [17] to examine the role of the Schistocerca fringe homologue during grasshopper segmentation: they found that fringe is expressed in a segmentally reiterated pattern during embryogenesis, but downstream of the segmentation gene engrailed and too late to be part of the primary segmentation process. On this basis, and because expression of notch itself showed no dynamic modulation during segmentation, Dearden et al. [17] concluded that Notch signaling was unlikely to play a part in the formation of grasshopper segments.
A role for Notch signalling in the segmentation of lower insects cannot, however, be ruled out. In hindsight, the choice of fringe as a marker for Notchdependent segmentation appears to have been unfortunate. In zebrafish, lunatic fringe is not involved in somitogenesis [18] . Rather, it is expressed in a segmentally reiterated pattern downstream of somitogenesis, suggesting a role similar to its Schistocerca homologue. Thus, lunatic fringe appears to have been recruited to play a role in somitogenesis in higher vertebrates, and so its homologue would not necessarily be expected to feature in an arthropod clock mechanism. The expression patterns of hairy and delta homologues in basal insects should prove more informative.
It is tempting to speculate that different mechanisms for making anterior and posterior segments are an ancestral feature of arthropod development [19] , with the posterior mechanism involving a zebrafish-like clock. This idea is attractive, because it allows us to envisage how the transition from short-germ to longgerm modes of development might have occurred during insect evolution. The number of segments patterned by a clock might have been progressively Current Biology R709 A clock-like mechanism in arthropod segmentation remains to be demonstrated. Even if one proves to be involved, it would be premature to conclude that Urbilateria was segmented, for Notch-mediated patterning is used in many and diverse biological processes. The similarities between vertebrate somitogenesis and arthropod segmentation might still be analogous, not homologous. To test whether a segmentation clock was an ancestral feature of bilaterians, we must look more closely at the genes and gene interactions involved, and must survey diverse representatives of basally branching clades within the arthropods, annelids and chordates, as well as less obviously segmented phyla, such as the molluscs. Clearly, this will take time. Despite recent advances the debate as to whether Urbiliteria was segmented looks set to continue for some time to come.
